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EVALUATION AND RECOMMENDATIONS FOR THE CONTROL OF CYSTIC 
ECHINOCOCCOSIS IN WALES 
 
1 INTRODUCTION 
Echinococcosis is a parasitic disease that affects both animals and humans (1). 
This zoonosis is caused by the tapeworm of the genus Echinococcus (2). Cystic 
echinococcosis and alveolar echinococcosis, caused by the cestodes Echinococcus 
granulosus granulosus (referred to as E. granulosus) and Echinococcus multilocularis, 
respectively, are the most relevant forms of the disease in regards to public health 
(3). Cystic echinococcosis, hydatidosis or hydatid disease, is a worldwide distributed 
infection that has the domestic dogs and other canids and felids as the definitive hosts 
and, herbivores and omnivorous animals as the intermediate hosts (3) (4). This hydatid 
disease is caused by the infection with the larval stage of Echinococcus granulosus.  
The adult parasite is a 2 – 7-millimetre-long tapeworm which has three different 
developmental stages: eggs, larvae and adult (5). The adult tapeworm has a head, 
called the scolex, with four lateral suckers on it; a non-retractable rostellum armed 
with hooks; and three segments called proglottids. The anterior, middle and posterior 
segments are the immature, mature and gravid proglottids, respectively. The gravid 
proglottid contains the uterus filled with eggs of the parasite, containing a hexacanth 
embryo (6) (7). The larval stage (metacestode) is known as a bladder-worm or hydatid, 
and it produces various infective stages with invaginated scolices inside the hydatid 
structure, developed directly from the germinal layer of the cyst wall, or by forming 
brood sacs (hydatid sand) inside of it (7).  
 
2 PARASITE LIFE CYCLE AND TRANSMISSION  
E. granulosus has an indirect life cycle involving development in both the 
definitive and intermediate hosts (2). The definitive host becomes infected when it 
ingests the larval stage of the parasite, which are the hydatid cysts that are in the 
tissue or in the viscera of the intermediate host (2) (5). These cysts that start growing 
from the oncosphere released from the egg, develop changes on their surface and start 
building up the acellular laminated layer (germinal layer), inside. A completely formed 
hydatid cyst, covered by a thin cellular layer, is filled with hydatid fluid and protected 
by the acellular laminated layer. A hydatid cyst could grow about 1 cm in diameter 
every year and even though they could become space-occupying structures, are often 
inert unless disrupted (7). The protoscoleces, which are the heads of the future 
tapeworms, are generated within the hydatid and are destined to infect the canid 
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definitive host. These protoscoleces develop into adult tapeworms and reside in the 
small intestine of the definitive hosts, releasing the gravid proglottids with eggs in the 
faeces (8).  
E. granulosus eggs can remain viable for several months on pasture or in 
gardens, and on fomites under variable environmental conditions. If the intermediate 
host ingests the parasite’s eggs while grazing, the egg hatches and penetrates the 
intestinal wall, allowing its entrance to the blood stream which leads to the 
development of the hydatid cyst in the target organs, mostly the liver and lungs (2) 
(8). Humans may also get the infection and are considered an accidental intermediate 
host (8). Even though most infections are asymptomatic, hydatid disease entails slowly 
growing harmful cysts that enlarge unnoticed for years (5).  
  
 
 
Image 1: Life cycle of Echinococcus granulosus granulosus (5). 
Source: Centers for Disease Control and Prevention (CDC) 
 
 
Certain activities and behaviours practiced by humans predominantly in poor 
rural communities that raise livestock such as sheep and possess dogs for guarding the 
herds, facilitate the transmission and spread of the parasite to both definitive and 
intermediate hosts, consequently increasing the risk of people of acquiring the disease 
(8) (9). Deliberately feeding dogs with the viscera or raw meat of home slaughtered 
sheep, considering that the offal, liver and lungs, may be infested with cysts could 
result in the development of the infection (9) (10). Furthermore, humans with a lack 
of hygiene can become infected through the faecal – oral route (8) by swallowing the 
infective eggs.  
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The most common ways of acquiring the disease are: by directly ingesting food 
or water contaminated with faeces from an infected dog (8) or by having a playful and 
intimate contact, such as petting, with an infected dog (9). Some pet owners, 
particularly children, let their dogs lick their face and other surfaces without 
considering the fact that the dog could have cleaned itself before. Echinococcus eggs 
have a sticky coating that adheres to hairs and fur around the anus of the infected dog 
and moreover are found on the muzzle and paws (2) (8). This type of behaviour allows 
the contamination not only of the person but also of plates and other objects and 
surfaces that could potentially come into close contact with other people, thus 
spreading the infection (11). Cystic echinococcosis is found in humans and animal hosts 
in different parts of the world. Its incidence and prevalence in several parts of Eurasia, 
Australia, parts of America, north and east Africa (12) and, in parts of Europe such as 
Bulgaria and Wales makes echinococcosis a re-emerging disease (13).  
A control scheme was executed in Wales, with the purpose of eradicating the 
disease, however, it failed due to the replacement of the worming of dogs for 
educational campaigns (14) (15). This literature review aims to evaluate the control 
programme set up in Wales to control cystic echinococcosis and to recommend 
measures, tools and actions to improve and finally accomplish the eradication of the 
disease in the United Kingdom.  
 
3 REVIEW OF THE WELSH CONTROL SCHEME FROM 1983-1989 
In the United Kingdom, hydatid disease in humans is unusual. From 2000 to 
2013, there were 19 confirmed cases in Wales and 77 in England, with a proportion of 
imported cases from countries where the disease is endemic (11). The indigenous cases 
were particularly reported in Mid Wales, Herefordshire and the Western Isles of 
Scotland (16), most probably due to the intensity of grazing livestock (17). Regions of 
Wales have been considered for several years, as areas with echinococcosis outbreaks 
(18), with the high density of livestock, especially sheep (19) and the extensive farm 
management system favouring transmission (11). In regards to this, in 1983 the region 
of South Powys in Wales, was allocated a hydatid control scheme. The scheme was set 
up to be accomplished from 1983 to 1989, with the purpose of eradicating the main 
endemic focus of hydatid disease in the United Kingdom (15) (20).  
This initiative was firstly taken by the local community and later followed by a 
commercial organisation, the South Powys Hydatid Liaison Group, which was composed 
of veterinarians, environmental health officers, farmers, medical and veterinary 
officers from the state service and industries in the area (14). The original trial was 
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initially funded by the commercial organisation and later financed by the Powys 
District Health Authority with the operational control invested in the regional State 
Veterinary Service (14). This sponsored control scheme was overseen in animals and 
humans, by a governmental committee assigned by the Welsh Office, chaired by a 
practising veterinary surgeon from the Welsh Office, the Public Health Laboratory 
Service and other health professional representatives (14).  
Due to the absence of any legal powers to control cystic echinococcosis in 
Wales, the scheme operated on a voluntary basis fundamentally depending on the 
collaboration of dog owners to worm their dogs periodically pursuant to the supervision 
and assessment of the State Veterinary Service (14). Thus, during this period, in two 
parishes of the region, all dogs were wormed with Praziquantel (commercial name 
Droncit, Bayer) at six weekly intervals (15).  
Hydatidosis in the ovine population dropped from 23.5% to 10.5% by the end of 
that period in the intervention area. This was confirmed by the experimental use of 
sentinel lambs that were used to identify early cystic echinococcosis infections in 
sheep, to provide an initial indication of the progress of the South Powys hydatidosis 
control scheme. This analysis revealed no E. granulosus hydatid cysts in lambs born 
within the control area, whereas 25% of the 15-month-old lambs from outside the area 
harboured cysts (21).  
Moreover, hospital admissions of human hydatid disease showed that after the 
period of control, clinical cystic echinococcosis in children ceased in the intervention 
area. This, together with the canine echinococcosis rates data, measured indirectly 
with an Echinococcus-specific coproantigen enzyme-linked immunosorbent assay 
(ELISA), indicated that the parasite had disappeared in dogs living in the intervention 
area (22). These results led to the conclusion that within one year of beginning to treat 
dogs with Praziquantel every six weeks, the transmission of the larval stage of E. 
granulosus to sheep, ceased (21). Thus, the supervised dog-worming programme was 
stopped and replaced by the end of 1989 solely with a health education program (15). 
 
4 EVALUATION OF THE CONTROL SCHEME IN WALES 
After 1989, the average annual incidence of human hydatid disease in Powys, 
fell from 3.9 cases per 100 000 people in 1983, to 2.3 cases per 100 000 in 1990 (15). 
Furthermore, the prevalence of hydatid cysts in old sheep from south Wales declined 
during the control period. Moreover, the prevalence of E. granulosus in dogs was zero 
in the control area in 1993; however, it was 2.4% in Powys’ dogs outside the control 
area (15). Nevertheless, a follow up slaughterhouse and a dog coproantigen survey in 
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1995, revealed that E. granulosus infection had re-emerged in dogs and sheep, with a 
cyst prevalence of 13% in the previous hydatid-control intervention areas (22). This 
suggests that dogs living in areas surrounding the intervention districts could have 
spread the disease back into the controlled area. 
 
Furthermore, in 2001, the United Kingdom experienced the foot and mouth 
disease (FMD) epidemic in mainly sheep, cattle and pigs. Around six million animals 
were culled (4.9 million sheep, 0.7 million cattle and 0.4 million pigs), which resulted 
in losses of around £3.1 billion to agriculture and the food chain (23). Due to this 
massive culling in England and Wales, the epidemic could have had affected farms in 
which the preceding hydatid intervention had taken place and other non-intervention 
areas in the surrounding areas. Hydatid control could have suffered because, as part 
of the FMD control programme, sheep were euthanized and thus, due to the large 
number of culled animals, carcasses had to wait for incineration (22) (24). This could 
have been a determinant for dogs to access these sheep carcasses, increasing the 
prevalence of infection in these definitive hosts, although the general stop and control 
movement for susceptible animal species made by the authorities, might have 
prevented this (25). 
 
In 2002, a third coproantigen survey of farm dogs in south Powys was done to 
determine the prevalence of canine echinococcosis in the former hydatid-intervention 
and non-intervention areas, resulting in a significant increase, from 3.4% to 8.1%, in 
infected dogs (22). 
 
5 CURRENT CONTROL OF CYSTIC ECHINOCOCCOSIS 
Control of the disease in humans is dependent upon control in animals, both 
definitive and intermediate hosts. If transmission between dog and sheep or other 
intermediate host can be halted, then human infection ceases as demonstrated by the 
early results of the Welsh control programme.  
 
 5.1 Control of echinococcosis in the definitive host  
Most successful control programmes for canine echinococcosis included the 
mandatory and enforced registration of dogs, in which ownerless dogs were collected 
by the control authority, confiscated and either reallocated to new owners or 
euthanized (26). However, canine echinococcosis can be controlled with a wide variety 
of drugs (1) (27). In successful island examples performed in the 19th century, such as 
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in New Zealand, Tasmania and Cyprus (see below for details), arecoline hydrobromide 
was used in dogs in risk areas, as a positive reinforcement to accomplish eradication 
(26). Arecoline is an efficienct anthelmintic that causes the muscles of cestodes to 
relax, so that the hold on the host's intestine was lost; it also had a purgative effect in 
the dog, so that the detached worms were removed from this host's body (28) (29).  
 
Nowadays, the definitive host, can be treated with an anthelmintic drug named 
Praziquantel, which is effective against both juvenile and adult E. granulosus (1) (27). 
Praziquantel (PZQ) is currently the drug of choice and has replaced most other anti-
cestode drugs for the treatment of echinococcosis because of its high efficacy, limited 
or no toxicity and wide margin of safety in dogs (27) (30) (31). A PZQ dose of 5mg/kg 
is effective in dogs (32) and, in the United Kingdom, Praziquantel is the only drug 
licensed and recommended against E. granulosus infection (27), due to its high toxicity 
to tapeworms (33). 
 
 5.2 Control of echinococcosis in the intermediate host 
Livestock such as: sheep, cattle, swine and horses may become infected by 
hydatid disease, although the equine form is not a zoonotic infection (E.g equinus). 
These hosts are usually asymptomatic and thus, the control in these animals is done 
by detecting the hydatid cysts at meat inspection, which will also identify the infected 
farms or communities (34). In older sheep and cattle, the hydatid cysts are most 
commonly found in the liver and lungs, but can be in various other organs through the 
systemic circulation. These cysts contain a clear fluid and many protoscoleces, and as 
they grow can press the surrounding tissue causing atrophy, which is also noted at 
slaughtering (35).  
 
The control in abattoirs depends on the state of the animal carcass. If the 
carcass or organs are harbouring hydatid cysts, they will not be approved and so cannot 
progress throughout the slaughtering process. Hydatidosis, additionally affects the 
carcass by causing aedema, emaciation and muscular involvement. This carcass, organs 
and any other tissue will be partially or totally condemned and must be destroyed. 
Because the lungs are organs commonly affected, these should be carefully checked 
because lesions are often missed on routine inspection (4) (36).   
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 5.3 Control of cystic echinococcosis in humans 
Currently, in 2016, according to the World Organisation for Animal Health (OIE), 
infection with Echinococcus granulosus has to be considered a multiple species 
notifiable disease (37). In regards to this, in September 2016, health leaders of the 
member countries of the Pan American Health Organization (PAHO), agreed to 
accomplish a significant reduction of five neglected diseases over the next six years 
(38). Cystic echinococcosis, fascioliasis, human plague, leishmaniasis and soil-
transmitted helminth infections were targeted for prevention, control, and a reduction 
in their burden. Moreover, the proposed plan aimed to reduce the risk of reintroduction 
of these diseases in the post-elimination phase (38). 
 
Due to its in force notification, the World Health Organisation - Informal 
Working Group on Echinococcosis (WHO-IWGE), bases the diagnosis of a cystic 
echinococcosis case in humans; following: a clinical criteria, a diagnostic criteria and 
a possible versus probable versus confirmed case (39). The clinical criteria has to 
describe a slowly growing mass diagnosed by imaging techniques, an anaphylactic 
reaction due to a rupture of the cyst or an accidental finding of a hydatid cyst by 
imaging techniques in asymptomatic carriers. The diagnostic criteria have to evidence 
the lesion in the organ by imaging techniques such as: CT-Scan, ultrasound, 
radiography and others; has to show specific serum antibodies confirmed by a high 
specific serological test; has to exhibit a histopathologic or parasitological sample 
compatible with a hydatid cyst; or has to involve the detection of the pathognomonic 
macroscopic morphology of the cyst in individuals intended to get a surgery.  
Finally, the possible case would be considered in any patient with a clinical or 
epidemiological history and imaging findings or serology positive for hydatidosis; a 
probable case would be any patient with the combination of clinical history, 
epidemiological history, imaging findings and serology positive for hydatidosis on two 
tests and; a confirmed case must comply with both definitions of the possible and 
probable cases plus either the evidencing of protoscoleces in the cyst or the 
demonstration of changes that indicate the development of the cyst after the 
administration of albendazole for three months, as the treatment (39).  
As the disease is not transmitted between humans, once a case is diagnosed the 
current treatment will be based on the available medical equipment and expertise, 
the cyst stage, size and location, and the willingness of the patient to be monitored 
for a long term (39). 
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Therefore, treatment options for cystic echinococcosis are: 
 Surgery- Which currently still remains as the only treatment that has the 
potential to remove the hydatid cyst and lead to cure (40). Nevertheless, 
surgeries cannot be used as treatment in patients with multiple cysts localised 
in different organs or in patients having cysts difficult to access, dead cysts 
either partly or totally calcified, and in individuals with very small cysts (26). 
Surgical techniques could be complemented with the use drugs such as 
albendazole, which shrink the cyst and sterilise it (26) (41). 
 
 Puncture, aspiration, injection, reaspiration (PAIR)– Performed as another 
therapeutic option that replaces or complements surgery, but it is minimally 
invasive. Cases with abdominal cysts and with a high surgical risk are the ideal 
patients to perform PAIR (40), however, reports of cysts in the lungs and in 
other localizations, have been recorded too (42).  
 
 Chemotherapy– Indicated for inoperable patients with primary liver or lung 
hydatids and for patients with multiple cysts in several organs (40). 
Chemotherapy is also used as a preventive measure for secondary hydatidosis 
in a previous patient, and furthermore; could be used as a pre surgical 
treatment to reduce the intracystic pressure and thus facilitating the operation 
(40). Albendazole and mebendazole are the most commonly used 
benzimidazoles (26). As the treatment, 10 to 15 mg/kg body weight per day 
(max 800 mg orally in two doses) of albendazole and, 40 to 50 mg/kg body 
weight per day of mebendazole for several months; must be continuously taken 
(5) (43). 
 
 Watch and wait– To leave determined cysts untreated and monitored over time 
(26), is an optional treatment if the majority of the cyst is consolidating and 
calcifying without receiving any treatment, and if the cysts that have arrived 
at this stage do not compromise any organ functions nor cause discomfort and 
seem to remain stable even in the future (44) (45). 
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6 REVIEW OF CYSTIC ECHINOCOCCOSIS CONTROL PROGRAMMES 
AROUND THE WORLD 
 
Currently only five islands in the world have been able to successfully eliminate 
hydatid disease, mainly basing their control programmes on health education, animal 
control, or elimination of home slaughtering of sheep. These territories are: Iceland, 
New Zealand, Tasmania, Falkland Islands, and Cyprus (9). 
 
Iceland was the first country in which the echinococcosis control programme 
started. Studies carried out between 1849 and 1862 estimated that cystic 
echinococcosis was one of the most frequent diseases among the human population, 
with a 30% prevalence; the disease was also commonly observed in sheep and cattle 
(46) (47). In this territory, there was a close relationship between the parasite in dogs 
and the development of hydatid cysts in humans.  
The dog population was high, estimated to be one dog for every three or four 
people, whereas in Copenhagen, for example, the proportion was one dog for every 30 
to 32 people; the people lived in rudimentary houses and thus access to sanitary 
facilities was limited (46). This environment could have led to close contact between 
sheep, cattle, dogs and humans in which children considered the dogs as their 
playmates, sharing the room and bed with them, therefore, developing a large number 
of infected individuals. Thus, in 1863 the control programme started and it was 
followed for more than a hundred years, focusing on informing the population about 
the nature of the parasite and its consequences (46) (48).  
By 1966, based on 15,888 autopsies of people, only a few human infections 
happened after 1900 and furthermore, reports from Icelandic abattoirs did not record 
the presence of hydatid cysts in any slaughtered animal, except for sheep, where 21 
old ewes were reported with hydatid cysts. Nevertheless, after 1979 no hydatid cysts 
were found in any animal in Iceland (46). The control programme utilised in Iceland, 
succeeded due to a well performed delivery of the information about the parasite to 
the citizens, also because they reduced the dog population by making it mandatory to 
own and pay for a permission in order to have a dog; they built slaughterhouses that 
were distributed all over the country with the purpose of restraining the access of dogs 
to raw offal and to limit on-farm slaughtering (49) and finally, they invested in a yearly 
worming treatment for all dogs in the country (46).  
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In another scenario, in 1922 a ratio of fifteen sheep to every person in New 
Zealand was the highest in the world (50). In 1937, the number of cases of human 
hydatid disease increased and 10% of the dog population was infected. In response to 
this, the government, through the Dog Registration Act Department, banned the giving 
of raw offal to dogs and also started supplying arecoline hydrobromide as an 
anthelmintic for dogs. However, these measures were not enough to stop the cases of 
cystic echinococcosis in the country (51). 
Thus, in 1959, a control programme to eliminate hydatidosis was set up, 
prioritising the educational factor with the purpose of creating public awareness of the 
risks of hydatids and to sensitise and familiarise dog owners with the parasite life cycle 
and ways to prevent their dogs from becoming infected. To support this initiative, 
every six weeks, dogs were wormed with arecoline hydrobromide (51). In 2002, New 
Zealand achieved the status of provisionally free of hydatid (52). For this reason, cystic 
echinococcosis is a notifiable disease in this country and the Ministry of Health is in 
charge of further investigation, in case of an outbreak (52). These eradication 
strategies built a sense of responsible dog ownership in the people that influenced the 
incidence of wormed dogs, thus the life cycle of the parasite could not be completed 
and so human hydatidosis ceased. 
 
Tasmania initiated its control programme in 1965, using a similar educational 
programme to the one used in New Zealand (53). The dogs that were considered at 
risk, were treated with arecoline hydrobromide and those owners with infected dogs, 
were penalised (26). After ten years of starting the control programme, the measures 
changed and the target became the sheep and cattle destined for slaughtering in 
abattoirs. Thus, surveillance of sheep and subsequently quarantine of farms was 
performed so that food animals would be slaughtered, only in official premises (26).  
After ten years of reporting the absence of echinococcosis in dogs and 
considering that the transmission to humans ceased, in 1996 Tasmania was 
provisionally declared and acquired the condition of free from E. granulosus and 
entered a maintenance of eradication phase (54). Since then, dogs entering the 
country must be treated in advance with Praziquantel (26). The Tasmanian scheme is 
considered as a control, rather than an eradication programme (53). 
 
In Cyprus, the control for cystic echinococcosis commenced in 1971 after 
revealing that the annual surgical incidence rate in the country was 12.9 per 100,000 
inhabitants (55). This became a public health problem to be treated immediately. To 
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achieve this, measures such as: the control of stray dogs by euthanizing them (56), the 
registration of all dogs that had owners, castration of female dogs, the control of 
livestock slaughter, the use of arecoline for testing all dogs and, educational campaigns 
addressed to the general public were applied in the territory (55) (57). By 1985, the 
parasite was considered eradicated from both livestock and dogs, and thus the anti-
echinococcosis campaign was officially terminated (58).  
However, a study in 1989, revealed that the parasite was present in 79 villages, 
which led to the reintroduction of the control programme in 1993. This time, there 
was an emphasis on the surveillance of intermediate hosts, control of animal 
movement and treatment of dogs in infected villages (55). This re-emergence of the 
disease was thought to have happened because cattle from the Turkish Republic of 
Northern Cyprus, where there was no control of the disease despite various factors 
suitable for the transmission of hydatidosis, were smuggled into the controlled area 
(55) (57).  
Thus, these new measures started in 1993 and from 1997, no echinococcosis in 
dogs was reported, the incidence in livestock dropped significantly in all species (from 
0.088% to 0.011% in cattle, from 0.033% to 0.007% in sheep and from 0.0112% to 
0.0006% in goats). Furthermore, from 1993, no cases of cystic echinococcosis were 
reported in humans under the age of twenty (55). The disease is continuously 
monitored (58), especially because of the nature of the divided territory belonging to 
two countries. 
 
These successful island control programmes used a vertical approach, by 
attacking first the definitive host and the various factors involved, such as: owner 
education and reinforcement of dog registration, the environment where they roamed 
and the prophylaxis used (worming schedule). Then the strategy was consolidated by 
the surveillance of the intermediate host, which led them to controlled autochthonous 
cystic echinococcosis. In cases such as Iceland, cystic echinococcosis is believed to be 
eradicated (54). This shows that, even though tactics to achieve a territory free of 
cystic echinococcosis may differ, control schemes should entail a planning, attacking, 
consolidating and maintenance of eradication phases, in order to control the disease.  
 
7 A RECOMMENDED CONTROL PROGRAMME FOR WALES 
In order to achieve the elimination of cystic echinococcosis in Wales, and thus 
most probably in the United Kingdom, national and international health authorities 
must intervene and implement a new control programme. This programme should be 
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in the charge of the Minister for Public Health, and should entail obligatory measures 
for the public.  
Regarding this, in 2006, the Welsh Assembly Government (WAG) implemented 
the Hydatid Disease Campaign (HDC) which was launched to raise public awareness 
about the disease, focusing predominantly in the education of farmers in regards to 
this infection and in the dosing of dogs (11) (27).  The suggested programme should 
involve measures towards the human population, the definitive and the intermediate 
hosts and, all the factors that may be involved in the development of the disease.  
 
 7.1 Educating the human population for the risk of disease 
A) Farmers and livestock owners 
A visit to farmers and livestock owners in their homes, made by either veterinary 
practitioners from the public health department in the council or interns in veterinary 
medicine or other informed individuals, to undertake a survey of farm practices. With 
this information, a base line could be obtained to get an idea of how much do these 
people know about the appearance of a hydatid and thus they can recognise it and 
confirm its presence in their animals. A fact sheet with epidemiological questions 
would be designed to record as much information in this scope, with questions such 
as: Do you work with animals? Do you have livestock? Do you own dogs? (ANNEX 1).  
Secondly, during the visit, the professional or person in charge will explain about 
the life cycle of the parasite and the most probable ways of acquiring the disease and 
its consequences to a person and their livestock. Furthermore, the measures to prevent 
the infection and how to control it will be explained. 
In this section of the population, the aim is to sensitise them by providing each 
home with an explanatory leaflet (ANNEX 2), that will describe in non-technical and 
understandable language about cystic echinococcosis. In addition to explaining the 
health issues, this visit will also inform the farmer about the losses incurred by selling 
infected livestock.  
  
B) Local schools  
A schedule to visit and talk to school pupils, would need to be prepared in order 
to deliver an understandable message for different age groups. Regarding this, the 
instructor or the person in charge should in the first place, talk to the teachers and let 
them know about the infectious disease caused by a microbe, in this case by a parasite 
named Echinococcus granulosus, that cannot be seen but can hurt people. In general 
terms, teachers would need to describe ways in which a person may get infected, the 
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implications of the infection and the preventative measures. Additionally, an 
explanatory leaflet (ANNEX 2) would be distributed.  
Teaching material should be provided to primary and secondary school 
teachers. A visual and very didactical ‘parasite buster’ story could be delivered to pre-
schoolers to show them how easily this pathogen can spread and how E. granulosus can 
end up in the most unlikely places (59). 
For older children, an explanatory talk should be included, with the message of 
how to protect themselves against E. granulosus. Activities using easily spread 
material, such as glitter, powder, sugar or salt, could be utilised to give a clear idea 
of how infection spreads.  
Secondary school students should be given an explanatory talk about cystic 
echinococcosis, emphasising the ways of spreading and why is it important to prevent 
this disease. These students will assimilate the idea of how small particles like this 
parasite are easily and quickly spread just by having a close contact with their dogs. 
From this age on, teachers should start asking the students about preventative 
measures. And finally, for senior students; teachers would need to sensitise these 
young adults with real images. For instances, a power point presentation with images 
of the life cycle of the parasite in rural areas and moreover, images of people affected 
by hydatid cysts will be shown with a final message with the preventative actions. 
 
C) Universities or colleges students studying for a health career  
A public health official could go to these education institutions offering a class 
about the infection and its importance as a neglected disease that is silently increasing 
in number of cases (60). 
 
D) To families and general audience attending to local community 
establishments 
A veterinarian practitioner or a related health professional should develop a 
responsible companion animal ownership campaign in the parks, sports grounds, etc., 
to emphasise the hygiene practices that must be followed to prevent hydatidosis. 
Moreover, the public need to have in mind that there are two main control measures 
available and doable by them, which are: the prevention of dogs gaining access to raw 
offal and the reduction of the parasite biomass, which could be achieved by a mass 
dog treatment or by a reduction of the dog population (14) (15). 
  17 
If the resources allow, supporting images such as pictures of life cycle, a hydatid cyst 
and a person affected by cystic echinococcosis would be shown and questions from the 
attendees would be answered. 
 
E) To abattoirs and staff members 
A veterinary practitioner from the Welsh government health department should 
attend to abattoirs to first gather information about the knowledge of the workers in 
regards to hydatid cysts in the livestock they slaughter. Then, a reminder on how to 
recognise the cyst and what to do if it is found, should be given in a meeting with the 
staff members, workers and the veterinarian. 
 
Health education is a multidisciplinary activity that requires medical, teaching and 
communication knowledge and thereby should be considered a fundamental tool for 
the control and prevention of cystic echinococcosis (61). Focusing on these targeted 
groups, the information would be delivered in a way in which the community will 
actively participate, the educational institutions will obtain expert but understandable 
knowledge and individuals with an occupation that involves high risk or close contact 
to the infective factors will be trained and thus preventative actions would be 
achieved. 
Additionally, publicity should be supported via television programmes and radio (14), 
to cover all possible households in the territory. 
 
 7.2 Suggested measures for the definitive host population 
The most effective control of the worm in dogs is achieved by frequent drug 
treatment. The Welsh Assembly Government launched a Hydatid Disease Eradication 
Campaign in 2008, envisaging it to last ten years, aiming to encourage dog owners to 
consult their veterinarians about their dog worming treatments. As part of the 
campaign, dogs are being dosed and faecal specimens are taken (11) (18). This 
eradication campaign should be rolled out across Wales. Furthermore, the anthelmintic 
Praziquantel at a dose of 5 mg/kg, should be used to treat dogs every six weeks (26) 
(61). Praziquantel kills the immature and adult parasite in the intestines and thus 
infective eggs cannot be shed in faeces (30) (31) (33).  
 
An important consideration should be taken in account, in regards to feasibility and 
cost of the Praziquantel program. This drug has a wider spectrum of activity against a 
range of cestode species in addition to E. granulosus, including other Taenia species 
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important in dogs and Dipylidium caninum (62). This dosing strategy would therefore 
affect different parasitic species at the same time, some of which have important 
economic costs to livestock farming (see below). 
 
Other means of controlling the infection in dogs are by sterilisation. The Welsh 
government should subsidise a neutering campaign for stray dogs, especially for female 
bitches (55) (57). Considering that echinococcosis and toxocariasis are the most 
prevalent health hazards transmitted by free roaming dogs (63) (64), the campaign 
could use the strategy of capturing, neutering and returning (CNR) the dog. This 
strategy would limit population growth and improve dog welfare (63) by directly 
confronting the problem of high turnover of dog populations (64). The aim of this 
measure would be the stabilisation of street dog population. In Jaipur, for example; 
the animal birth control programme focused on the spaying of female dogs, because 
an unsprayed female could give birth to as many as twenty puppies a year. Thus, one 
unneutered male could mate with several females resulting in hundreds of unwanted 
births. A programme focussing on males rather than females would be completely 
ineffective if only a few males escape castration whereas the same number of missed 
females will have a very limited effect. Therefore, a female-focussed programme is a 
more effective use of limited resources (65). 
 
Finally, as part of a responsible pet ownership, the registration of dogs should 
be reinforced by the local authorities. as in other control programmes in countries such 
as Cyprus (54). This might include fining irresponsible owners who let their dogs roam 
freely, owners who do not deworm their dogs periodically, owners who do not provide 
welfare for their dogs, to encourage responsible dog ownership.  
 
 7.3 Suggested measures for the intermediate host population 
A) Control of slaughter of livestock in abattoirs 
Data such as the percentage of livers, lungs or other organs obtained from cattle 
and sheep infected with hydatid cysts confiscated in abattoirs should be collected by 
the staff and then given to the health professional working in the Hydatid Disease 
Eradication Campaign. This data would allow the identification of infected farms and 
regions and with these results, greater efforts in terms of surveillance and control 
could be addressed to those areas.  
In 2006, for example, Uruguay started a programme in which tracing livestock by 
tracking the infected animals, facilitated the evaluation of the epidemiological factors 
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that were important in rural settlements, with which appropriate corrective measures 
were proposed (61). Furthermore, the Welsh Assembly Government should officially 
authorise a veterinary practitioner from the governmental health department, to be 
present at the post-mortem meat inspection, complying with the Regulations (EC) N° 
853/2004 on the hygiene rules for food of animal origin and 854/2004 on the official 
controls on products of animal origin intended for human consumption, of the European 
Parliament and of the Council of 29 April 2004. 
 
B) Control of home slaughter of livestock 
Nowadays, Wales has twenty-two official abattoirs. However, they use just 41% of 
their capacity to slaughter sheep, and thus there is no investment from the government 
in this type of establishment (66). Moreover, the Food Standard Agency (FSA) in Wales 
and England, allows home slaughter of livestock, which could represent a risk factor if 
it is not being done following the national regulations (67). Considering home 
slaughtering as a legal practice, no authority can penalise the farmers who do it, and 
thus becomes fundamental to strictly regulate this activity. 
To control this, the Food Hygiene Regulations (EC) N° 853/2004 must be compulsory 
and assured by the authorities, that it is being applied. This regulation indicates that 
even though in most cases, meat sold for human consumption must be from animals 
slaughtered in approved slaughterhouses, the legality of slaughter outside approved 
premises, e.g. on the owner’s property, depends on whether it is intended for their 
own personal consumption or that of members of their immediate family living there 
(67). 
 
C) Use of vaccine EG95 in sheep 
The EG95 vaccine has been developed to be used in the intermediate host to 
protect sheep against E. granulosus infection. Current control programmes, such as 
the ones running in Argentina and Australia, are incorporating its use after 
experiencing a statistically significant reduction in the number and size of hydatid 
cysts in comparison to the situation prior to the introduction of the vaccine, or 
compared to cystic echinococcosis prevalence in the control areas where 
the vaccine was not utilised (25) (54).  
Sheep vaccination should be considered as a new tool which could improve the 
effectiveness and efficacy of the control of cystic echinococcosis in Wales. However, 
it is important to bear in mind that further evaluation and studies in regards to: the 
most accurate period of the year to apply the vaccine, the availability and cost of the 
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vaccine for farmers, the exposure and immune response of animals to the vaccine, 
among others, need to be done (54).  
 
8 PURPOSE OF THE RECOMMENDED CONTROL PROGRAMME AND 
SOCIOECONOMIC EFFECTS 
This integrated control programme intends to accomplish the elimination of 
cystic echinococcosis in the human population. Due to the low number of human cases 
in the United Kingdom, the disease is not considered endemic in humans. In 2015, for 
instance, 23 human cases were reported (60), while of a throughput of 13,507,471 
sheep, 0.3% (35,758) were recorded as being affected with hydatid cysts in 2011 and, 
of a throughput of 2,182,280 cattle, 2,005 (0.1%) were recorded as affected with the 
same disease (68). Nevertheless, it has to be considered that the incidence rate in the 
UK may underestimate the real incidence because hydatid disease is not nationally 
notifiable to public health authorities (Food Hygiene Regulations (EC) N° 854/2004) 
and furthermore, there could be under reporting of cases because it is an 
asymptomatic disease (1) (2) (3). Even though the number of cases may appear small, 
one case of cystic echinococcosis per year, in a community of 9000 people or less; 
could be potentially cost saving for the society (62). 
Additionally, the disease represents an important loss to the farmers. Once in 
the abattoirs and after the slaughtering, the carcasses that are condemned represent 
an important economic burden to animal production system (62) (69). It is estimated 
that globally, due to cystic echinococcosis; there is an annual livestock production loss 
of at least US $141,605,195 and possibly up to US $2,190,132,464 (54).  
Moreover, parasites such as: Cysticercus ovis (C. ovis) and Cysticercus 
tenuicollis (C. tenuicollis), which are the larval stages of the tapeworms Taenia ovis 
and Taenia hydatigena, respectively, also have their adult stage residing in the 
intestines of dogs and their intermediate stage in sheep. Their presence leads to the 
rejection of affected tissues. For instance, in 2014, 8.8% of sheep livers and 0.76% of 
sheep carcasses were rejected due to C. tenuicollis and C. ovis, respectively in the UK 
(Image 2). In 2012, approximately £5 million was lost in the sheep industry due to C. 
ovis and more than £1 million as the value of rejected livers, was lost because of C. 
tenuicollis (70). 
Considering this, as mentioned previously, control measures for E. granulosus, 
such as the dosing of dogs with Praziquantel, will also reduce the incidence of these 
and other infections in sheep which represent a significant cost to the UK industry and 
economy. 
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Sheep carcasses rejections in English meat plants 2015 
Image 2: Causes of sheep carcasses rejection at meat inspection in 2015 (70). 
Source: AHDB Beef & Lamb. Division of Agriculture and Horticulture Development Board (AHDB) 
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Therefore, as cystic echinococcosis incidence increases (Chart 2), the cost-
effectiveness of a prevention and control programme becomes more dependent on the 
indirect costs, especially productivity loss (62) and the costs to the health care system 
of treating human disease. Thus, with the recommended actions, the prevention 
programme could reduce both direct and indirect costs of this preventable disease. 
For example, after echinococcosis rates in people and animals decreased, the phase 
of maintenance of the eradication could be continuously performed through cheaper 
methods, such as: education, owner-administered Praziquantel and a sporadic but 
scheduled screening of high risk dogs. At the same time, this programme would target 
vulnerable populations and therefore, the benefit of preventing hydatid disease in 
these risk groups may help to reduce health inequalities.  
 
Chart 2: Infectious Report of Zoonoses. Common animal associated infections, 2015 (60). 
Source: Emerging Infections and Zoonoses Section at Public Health England 
Health Protection Division of Public Health Wales 
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9 ASSESSMENT OF THE SUCCESS OF THE PROGRAMME 
The control programme could be assessed with a constant surveillance in 
abattoirs. Once the programme had been actively implemented, the slaughterhouse 
workers would acquire the knowledge of observing and recognising the hydatid cysts 
in the livestock viscera and thus, the meat inspection in each establishment would 
report a more accurate number of affected or condemned carcasses.  
Surveillance surveys in cystic echinococcosis could also include data on human 
hydatidosis and canine echinococcosis. All this data would be fundamental to 
determine the prevalence of the zoonosis in the country or in a region. 
 
10 RISK ASSESSMENT 
 HUMAN ANIMAL INFECTIONS AND RISK SURVEILLANCE (HAIRS):  
Qualitative risk assessment of the acquisition of human cystic echinococcosis in 
Wales, following the contact with infected dogs  
✓  Hazardous pathogen: Echinococcus granulosus 
✓ Identified primary hazard: The ingestion of infectious Echinococcus 
granulosus eggs after having contact with dogs that have been fed with sheep 
raw offal or meat. 
✓   Identified secondary hazard: Working with infected animals. 
 
Step One: Assessment of the probability of infection in the human population 
Question Outcome Quality of 
evidence 
a) Is this a recognised human disease? Yes Overall 
evidence: 
Good 
 
Yes. Cystic echinococcosis is one of the most worldwide distributed disease and it 
is caused by the parasite Echinococcus granulosus granulosus (3) (4) (see above 
sections: Introduction and The parasite life cycle and transmission). 
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Question Outcome Quality of 
evidence 
b) Is this disease endemic in humans in 
Wales? 
No Overall 
evidence: 
Good 
 
No. In a period of 13 years, from 2000 to 2013, only 96 confirmed cases of cystic 
echinococcosis have been reported in the UK, of which 19 cases were recorded in Wales 
(11) (see above section: Review of the Welsh control scheme from 1983-1989). 
 
Question Outcome Quality of 
evidence 
c) Are there ways of infection for 
humans in Wales? 
Yes Overall 
evidence: 
Good 
 
Yes. The people living mostly in rural communities are exposed to the acquisition of 
the disease. The lack of hygiene and the practice of feeding dogs with livestock viscera 
or raw meat, are determinant risk factor that contribute to the spread of the disease. 
Humans generally become infected after directly ingesting contaminated food or after 
having contact with an infected dog (8) (9) (see above section: The parasite life cycle 
and transmission). 
 
Question Outcome Quality of 
evidence 
d) Are there effective control measures 
in place to mitigate against these? 
Yes Overall 
evidence: 
Good 
 
Yes. The Welsh Assembly Government implemented a Hydatid Disease Campaign which 
aims to increase the public awareness about cystic echinococcosis. This strategy 
focusses in educating livestock owners and farmers, and worming of dogs. However, it 
is important to develop control measures also at farm level, slaughterhouse level, 
educational institutions and home consumers (11) (27) (see above section: A 
recommended control programme for Wales). 
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Question Outcome Quality of 
evidence 
e) Are humans highly susceptible? No Overall 
evidence: 
Good 
 
In developing countries, especially the ones with temperate weather, a large 
population of people who live in rural areas, raise sheep and other livestock. Although 
a large number of rural communities are exposed to the parasite, the highly susceptible 
individuals would be considered the young children, due to the close contact with the 
dogs as their pets (5) (6) (see above section: The parasite life cycle and transmission). 
 
Question Outcome Quality of 
evidence 
f) Is this disease highly infectious in 
humans? 
No Overall 
evidence: 
Good 
 
Most of the human population is not exposed to the pathogen. Nevertheless, when a 
human gets the infection, the host-parasite relationship that develops, allows a chronic 
infection to coexist. The immune response is modulated to protect the hydatid cyst 
from elimination and while minimising the severe pathology in the human (71). 
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 THE PROBABILITY OF HUMAN INFECTION WITH ECHINOCOCCUS 
GRANULOSUS FROM DOGS IN THE WELSH POPULATION: 
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Step Two: Assessment of the impact on human health. 
Question Outcome Quality of 
evidence 
g) Is there human to human spread? No Overall 
evidence: 
Good 
 
No. The disease is transmitted from animal to person via the faecal–oral route, through 
the ingestion of the eggs of the parasite. This transmission happens particularly when 
handling food products after having contact with the infected dog or after having close 
contact with the dog followed by a lack of hygiene, such as forgetting to wash hands 
(8) (9).  
 
Question Outcome Quality of 
evidence 
ii) Is there zoonotic spread? Yes Overall 
evidence: 
Good 
 
Yes (see previous section). 
 
Question Outcome Quality of 
evidence 
iii) For zoonosis disease is the animal 
host present in Wales? 
Yes Overall 
evidence: 
Good 
 
Yes. In Wales, both the definitive and intermediate hosts are present (2) (5) (8). The 
domestic dog and other canids such as the foxes, could be in close contact with the 
human population and their environment. In regards to the intermediate host, the 
raising of sheep and other livestock in the rural areas of mid Wales is a productive 
activity constantly practiced (11) (19) (see above section: Review of the Welsh control 
scheme from 1983-1989).  
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 THE IMPACT OF ECHINOCOCCUS GRANULOSUS FROM DOGS IN THE WELSH 
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NO 
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11 RISK MANAGEMENT 
The recommended programme to control cystic echinococcosis in Wales that 
has been developed in this document, has identified, assessed and proposed a 
controlling measure for each risk factor involved in the definitive host, intermediate 
host and in the human population (see above section: A recommended control 
programme for Wales). 
 
12 RISK COMMUNICATION 
The targeted groups mentioned above will receive an educational talk and will 
then be supplied with the informative leaflet (ANNEX 2). (see above section: A 
recommended control programme for Wales). 
 
13 CONCLUSION 
Health education at all levels should be considered one the most important 
tools for the control and prevention of cystic echinococcosis in Wales. Definitely, based 
on research and studies, a control programme to eliminate hydatidosis will require 
long term strategies and solutions that should become mandatory for some populations 
that are constantly exposed and at high risk of acquiring the disease. Thus, multiple 
institutions should be involved and most importantly, the government with its health 
authorities should designate a budget with the aim of eradicating cystic echinococcosis 
in the country. With this approach, actions would be taken in order to safeguard the 
public health. 
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14 ANNEXES 
 
ANNEX 1: CYSTIC ECHINOCOCCOSIS – EPIDEMIOLOGICAL FACT SHEET 
GENERAL INFORMATION 
Last name   First name   
Phone   Date of birth   
Current address  Postcode   
Address reference  
 
RISK FACTORS (Select with a check mark) 
Jobs and working activities 
of family members 
 
Family members work in an 
abattoir 
  
Home slaughter of sheep or 
livestock 
 
Job in contact with livestock 
and dogs (vets, biologists, 
farmers, etc.) 
  No evidence found  
 
Characteristics of the 
household and surroundings 
Household close to an abattoir    Semi-urban household   
Family owns dogs 
 
 Urban household 
 
Dogs roam freely 
 
 Rural Household 
 
Feeding of dogs with raw offal 
and meat 
  
Family members with Cystic 
echinococcosis 
  
 
ADDITIONAL INFORMATION 
 YES NO 
Do you worm your dogs?   
    Just if the answer is YES, ask: 
    What do you use to worm your dogs? 
 
Do you know how to worm your dogs?   
Do you use Praziquantel to worm your dogs?   
Are dogs allowed to enter the house?   
Do you have basic sanitary services (toilet, sink, potable water)?   
Have you heard about hydatidosis?   
Have you seen a hydatid cyst?   
Do you know how it affects you?   
 
Person in charge of questionnaire: ______________________________ Date: _______ 
Gender M   F   Age   
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ANNEX 2: INFORMATIVE LEAFLET 
An informative leaflet about hydatidosis that would be delivered to all targeted groups, 
after the verbal explanation about the disease is given. 
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WELCOME! 
This leaflet will provide you with information about 
Hydatidosis, how is it transmitted and the risks involved 
with the disease. 
What is Hydatidosis? 
Also called cystic echinococcosis, it is a parasitic 
disease, that affects humans and livestock by developing 
hydatid cysts in different parts of the body, after contact 
with infected dogs. Many sheep are infected representing 
a potential public health problem. 
How can I get Hydatidosis?  
The parasite (Echinococcus granulosus) is found in the 
intestine of an infected dog. 
1.- The dog becomes infected after 
ingesting raw offal or meat, containing 
cysts. 
2.- It carries the parasite and releases 
parasite eggs in the faeces, 
contaminating pastures and other 
surfaces.  
3.- Livestock get infected while grazing, 
and develop cysts (can be passed back to 
the dog if fed offal).  
4.- Humans may also get the infection 
through contact with the dog.  
Can my dog transmit hydatidosis? 
All domestic dogs could transmit hydatidosis. However, foxes could also 
get infected and be able to transmit it as well. 
 
Who are the people in high risk? 
Any person who owns a dog is at risk. Nevertheless, people who live in rural 
areas and work in close contact with livestock: 
✓ Farmers 
✓ Slaughterhouse workers 
✓ Herd owners 
✓ Veterinarians 
✓ And their families, are mostly at risk 
if there is a constant contact with dogs 
and a lack of hygiene. Children are the 
most affected (close contact with pets). 
 
Are there any symptoms? And what are the risks?  
 Hydatidosis does not usually cause any symptoms once the person or 
livestock get the infection. 
 
 A cyst is tolerated until it is large enough to cause problems within the 
body and then symptoms depend on the position of the cyst: 
 
✓ Lungs: Breathing difficulties and general illness 
✓ Liver: Swelling of the abdomen and general illness 
✓ Bone marrow or brain: Distressing and painful signs 
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Can hydatidosis be treated? 
Yes, although, the most effective treatment consists in removing the 
cysts by surgery.  
How are my sheep affected by hydatidosis? 
        Infected sheep lose 5% or more of 
productivity.  
        At slaughtering, red offal and carcasses 
with cysts are condemned and rejected in 
abattoirs.  
        So, a reduced income for farmers and a 
greater cost to abattoirs (paid by the farmer), 
in disposing rejected meat.   
 
How can I prevent hydatidosis? 
 
✓Take your dogs to the vet to be dewormed every six weeks 
✓Feed dogs with dry processed dog foods or cooked meat 
✓Do not allow dogs to roam 
✓Wash hands thoroughly and regularly after handling dogs 
✓Wash fruits/vegetables thoroughly before eating/cooking 
 
‘Contact your veterinarian for information on deworming your dog and, please contact 
your nurse or GP for more advice and a clearer guidance’. 
 
Do not ignore this information. It is important to deliver the message to 
your family and community to prevent the disease. 
 
      Please contact: Animal Diseases Team at www.wales.gov.uk/animaldiseases      
        Phone 0161 419 4669 (08:30 to 16:30, Monday to Friday) 
WHAT  IS  
  ‘HYDATIDOSIS’ ? 
… and what 
do I need to 
know about 
it? 
 
          ‘Your health, our priority’ 
Information Leaflet 
  34 
 15 REFERENCES 
 
1.  The Center for Food Security and Public Health. Iowa State University. 
Echinococcosis: Hydatid Disease [Internet]. 2013. Available from: 
http://www.cfsph.iastate.edu/FastFacts/pdfs/echinococcosis_F.pdf 
 
2.  The Center for Food Security and Public Health. Iowa State University. 
Echinococcosis [Internet]. 2011. Available from: 
http://www.cfsph.iastate.edu/Factsheets/pdfs/echinococcosis.pdf 
 
3.  World Health Organization (WHO). Echinococcosis [Internet]. WHO. 2016 [cited 
2016 Dec 14]. Available from: 
http://www.who.int/mediacentre/factsheets/fs377/en/ 
 
4.  Smith R. National Public Health Service for Wales. Hydatid Disease [Internet]. 
2007. Available from: 
http://www.wales.nhs.uk/sitesplus/documents/888/Hydatid%20disease%202007
1.pdf 
 
5.  Centers for Disease Control and Prevention (CDC). Parasites-Echinococcosis 
[Internet]. 2012 [cited 2016 Dec 14]. Available from: 
http://www.cdc.gov/parasites/echinococcosis/index.html 
 
6.  Adel Z. Echinococcus granulosus [Internet]. Available from: 
http://www.med.uokufa.edu.iq/dr/baqur/lectures/E%20granulosus.pdf 
 
7.  Encyclopedic Reference of Parasitology. Echinococcus [Internet]. 2001 [cited 
2016 Dec 14]. Available from: http://parasite.org.au/para-
site/text/echinococcus-text.html 
 
8.  Moro P, Schantz PM. Echinococcosis: A review. Int J Infect Dis. 2008 Nov 
1;13(2):125–33.  
 
9.  Craig PS, McManus DP, Lightowlers MW, Chabalgoity JA, Garcia HH, Gavidia CM, 
Gilman RH, Gonzalez A, Lorca M, Naquira C, Nieto A, Schantz PM. Prevention and 
control of cystic echinococcosis. Lancet Infect Dis. 2007 Jun;7(6):385–94.  
  35 
10.  Moro PL, McDonald J, Gilman RH, Silva B, Verastegui M, Malqui V, Lescano G, 
Falcon N, Montes G, Bazalar H. Epidemiology of Echinococcus granulosus infection 
in the central Peruvian Andes. Bull World Health Organ. 1997;75(6):553–61.  
 
11.  Public Health Wales. Health Protection Division. Hydatid Disease (Echinococcosis) 
[Internet]. 2013 [cited 2016 Dec 14]. Available from: 
http://www.wales.nhs.uk/sites3/page.cfm?orgId=457&pid=27729 
 
12.  Grosso G, Gruttadauria S, Biondi A, Marventano S, Mistretta A. Worldwide 
epidemiology of liver hydatidosis including the Mediterranean area. World J 
Gastroenterol WJG. 2012 Apr 7;18(13):1425–37.  
 
13.  Romig T, Dinkel A, Mackenstedt U. The present situation of echinococcosis in 
Europe. Parasitol Int. 2006;55, Supplement:S187–91.  
 
14.  Walters TMH. Echinococcosis/hydatidosis and the South Powys control scheme. J 
Small Anim Pract. 1986 Oct 1;27(10):693–703.  
 
15.  Palmer SR, Biffin AH, Craig PS, Walters TM. Control of hydatid disease in Wales. 
BMJ Clin Res J. 1996 Mar 1;312(7032):674–5.  
 
16.  Health and Safety Executive (HSE). Hydatid Disease [Internet]. Available from: 
http://www.hse.gov.uk/agriculture/zoonoses-data-sheets/hydatid-disease.pdf 
 
17.  Hopkins A. Food and Agriculture Organization of the United Nations (FAO). 
Country pasture-Forage resource profile [Internet]. 2008 [cited 2016 Dec 15]. 
Available from: 
http://www.fao.org/ag/agp/agpc/doc/counprof/britain/unitedkingdom.htm#5
pasture 
 
18.  Welsh Assembly Government. Hydatid Disease-Question and Answer Sheet 
[Internet]. 2014. Available from: 
http://gov.wales/docs/drah/publications/100428-hydatid-questions-and-
answers-en.pdf 
 
19.  Agriculture and Horticulture Development Board (AHDB). UK Yearbook Sheep 2016 
[Internet]. 2016. Available from: http://beefandlamb.ahdb.org.uk/wp/wp-
content/uploads/2016/07/UK-Yearbook-2016-Sheep-050716.pdf 
  36 
20.  Palmer SR, Biffin AH. The changing incidence of human hydatid disease in England 
and Wales. Epidemiol Infect. 1987 Dec;99(3):693–700.  
 
21.  Lloyd S, Martin SC, Walters TM, Soulsby EJ. Use of sentinel lambs for early 
monitoring of the South Powys Hydatidosis Control Scheme: prevalence of 
Echinococcus granulosus and some other helminths. Vet Rec. 1991 
1991;129(4):73–6.  
 
22.  Buishi I, Walters T, Guildea Z, Craig P, Palmer S. Reemergence of Canine 
Echinococcus granulosus Infection, Wales. Emerg Infect Dis. 2005 Apr;11(4):568–
71.  
 
23.  National Audit Office (NAO). The 2001 Outbreak of Foot and Mouth Disease 
[Internet]. National Audit Office. 2002 [cited 2016 Dec 15]. Available from: 
https://www.nao.org.uk/report/the-2001-outbreak-of-foot-and-mouth-disease/ 
 
24.  Department for Environment, Food and Rural Affairs (DEFRA). Foot and Mouth 
Disease [Internet]. 2004 [cited 2016 Dec 15]. Available from: 
http://footandmouth.fera.defra.gov.uk/ 
 
25.  Larrieu E, Mujica G, Gauci CG, Vizcaychipi K, Seleiman M, Herrero E, Labanchi JL, 
Araya D, Sepúlveda L, Grizmado C. Pilot Field Trial of the EG95 Vaccine Against 
Ovine Cystic Echinococcosis in Rio Negro, Argentina: Second Study of Impact. PLoS 
Negl Trop Dis [Internet]. 2015 Oct 30 [cited 2016 Dec 15];9(10). Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4627725/ 
 
26.  Eckert J, Gemmell MA, Meslin IFX, Pawłowski ZS, World Health Organization 
(WHO) and Office International des Epizooties (OIE). WHO/OIE Manual on 
Echinococcosis in Humans and Animals: a Public Health Problem of Global Concern 
[Internet]. 2001. Available from: 
http://apps.who.int/iris/bitstream/10665/42427/1/929044522X.pdf 
 
27.  San Lett W. University of Salford. School of Environment and Life Sciences. 
Detection of Echinococcus granulosus and Echinococcus equinus in Dogs and 
Epidemiology of Canine Echinococcosis in the UK [Internet]. 2013. Available from: 
http://usir.salford.ac.uk/29558/1/Wai_San_Lett_-_Corrected_PhD_Thesis.pdf 
 
 
 
  37 
28.  Gregory GG, McConnell JD. The Toxicity and Efficiency of Arecoline Hydrobromide 
in the Tasmanian Hydatid Control Program. Aust Vet J. 1978 Apr 1;54(4):193–5.  
 
29.  Batham EJ. Cambridge University Press. Testing arecoline hydrobromide as an 
anthelminthic for hydatid worms in dogs. Parasitology. 1946 Aug;37(3–4):185–91.  
 
30.  Conder GA, Marchiondo AA, Andersen FL. Effect of praziquantel on 
adultEchinococcus granulosus in vitro: Scanning electron microscopy. Z Für 
Parasitenkd. 1981 Jun 1;66(2):191–9.  
 
31.  Derbala AA, Frayssinet L, El-Massry A. Dose Titration Study of Praziquantel Oral 
Paste (170.02/60008) in the Treatment of Dogs Experimentally Infected with 
Echinococcus granulosus. Glob Vet. 2007;1:36–44.  
 
32.  American Association of Equine Practitioners. AAEP Parasite Control Guidelines 
[Internet]. 2013. Available from: 
http://www.aaep.org/custdocs/ParasiteControlGuidelinesFinal.pdf 
 
33.  Gemmell MA, Johnstone PD, Oudemans G. The effect of praziquantel on 
Echinococcus granulosus, Taenia hydatigena and Taenia ovis infections in dogs. 
Res Vet Sci. 1977 Jul;23(1):121–3.  
 
34.  Office International des Epizooties (OIE). Echinococcosis or Hydatidosis 
[Internet]. Available from: 
http://www.oie.int/fileadmin/Home/eng/Media_Center/docs/pdf/Disease_car
ds/ECHI-EN.pdf 
 
35.  Brailsford JF. Hydatid Disease in England. Br Med J. 1931 Jan 24;1(3655):133–
146.4.  
 
36.  Food and Agriculture Organization of the United Nations (FAO). Manual on meat 
inspection for developing countries. Chapter 5: Specific Diseases of Sheep and 
Goats [Internet]. 2000 [cited 2016 Dec 15]. Available from: 
http://www.fao.org/docrep/003/t0756e/T0756E06.htm 
 
37.  Office International des Epizooties (OIE). Enfermedades, infecciones e 
infestaciones de la Lista de la OIE en vigor en 2016 [Internet]. 2016 [cited 2016 
Dec 15]. Available from: http://www.oie.int/es/sanidad-animal-en-el-
mundo/oie-listed-diseases-2016/ 
  38 
38.  Mitchell C. Pan American Health Organization (PAHO) and World Health 
Organization (WHO). The Americas aim to eliminate eight neglected infectious 
diseases and control five other in the next six years [Internet]. Pan American 
Health Organization / World Health Organization. 2016 [cited 2016 Dec 15]. 
Available from: 
http://www.paho.org/hq/index.php?option=com_content&view=article&id=125
47%3Aamericas-aim-to-eliminate-8-neglected-infectious-diseases-control-5-
other-next-6-years&catid=8882%3A55-dc-news&Itemid=42099&lang=en 
 
39.  Brunetti E, Kern P, Vuitton DA. Expert consensus for the diagnosis and treatment 
of cystic and alveolar echinococcosis in humans. Acta Trop. 2010 Apr;114(1):1–
16.  
 
40.  World Health Organization (WHO). Guidelines for treatment of cystic and alveolar 
echinococcosis in humans. WHO Informal Working Group on Echinococcosis. Bull 
World Health Organ. 1996;74(3):231–42.  
 
41.  Neira P, Lorca M. Echinococcus granulosus: Evaluation of Protoscolicidal Activity 
of Several Substances. Rev Patol Trop. 2001;30(1):93–9.  
 
42.  World Health Organization (WHO). Department of Communicable Disease 
Surveillance and Response. PAIR: Puncture, Aspiration, Injection, Re-Aspiration. 
An option for the treatment of Cystic Echinococcosis [Internet]. 2001. Available 
from: 
http://apps.who.int/iris/bitstream/10665/67207/1/WHO_CDS_CSR_APH_2001.6
.pdf 
 
43.  Wen H, New RR, Craig PS. Diagnosis and treatment of human hydatidosis. Br J Clin 
Pharmacol. 1993 Jun;35(6):565–74.  
 
44.  Anand S, Rajagopalan S, Mohan R. Management of liver hydatid cysts – Current 
perspectives. Med J Armed Forces India. 2012 Jul;68(3):304–9.  
 
45.  Rinaldi F, De Silvestri A, Tamarozzi F, Cattaneo F, Lissandrin R, Brunetti E. 
Medical treatment versus “Watch and Wait” in the clinical management of CE3b 
echinococcal cysts of the liver. BMC Infect Dis [Internet]. 2014 Sep 9 [cited 2016 
Dec 15];14. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4164709/ 
 
46.  Sigurdarson S. Dogs and echinococcosis in Iceland. Acta Vet Scand. 2010 Oct 
13;52(Suppl 1):S6.  
  39 
47.  UK Department for International Development. Case Study : Hydatidosis in 
Iceland, Sichuan Province, China, and Turkana, Kenya [Internet]. [cited 2016 Dec 
15]. Available from: http://www.zoonoses.csiro.au/CaseStudy.aspx?id=5 
 
48.  Mackenzie JS, Jeggo M, Daszak P, Richt JA. One Health: The Human-Animal-
Environment Interfaces in Emerging Infectious Diseases: The Concept and 
Examples of a One Health Approach [Internet]. Springer Science & Business Media; 
2013. 358 p. Available from: 
https://books.google.co.uk/books?id=qOW9BAAAQBAJ&pg=PA322&lpg=PA322&d
q=control+program+echinococcosis+iceland&source=bl&ots=1upg5fNMVK&sig=38
N4uv-
0z4Jkc8jhb4qWGzisiRw&hl=en&sa=X&ved=0ahUKEwiamqjjpvnPAhWeHsAKHQvMA
O8Q6AEIQjAF#v=onepage&q=control%20program%20echinococcosis%20iceland&f
=false 
 
49.  Beard TC. The elimination of echinococcosis from Iceland. Bull World Health 
Organ. 1973 Jul 1;48(6):653–60.  
 
50.  Anderson HM. University of Otago. Hydatids : a disease of human carelessness in 
New Zealand [Internet]. 1997. Available from: 
https://ourarchive.otago.ac.nz/handle/10523/380 
 
51.  Kasper K. Ministry for Primary Industries. Hydatids control in New Zealand 
[Internet]. 1990. Available from: http://www.sciquest.org.nz/node/46419 
 
52.  Ministry of Health of New Zealand. Hydatid Disease [Internet]. 2012. Available 
from: https://www.health.govt.nz/system/files/documents/publications/cd-
manual-hydatid-disease-may2012.pdf 
 
53.  Meldrum GK, McConnell JD. The Control of Hydatid Disease in Tasmania. Aust Vet 
J. 1968 May 1;44(5):212–7.  
 
54.  Budke CM, Deplazes P, Torgerson PR. Global Socioeconomic Impact of Cystic 
Echinococcosis. Emerg Infect Dis. 2006 Feb;12(2):296–303.  
 
55.  Economides P, Christofi G. Evaluation of control programmes for 
echinococcosis/hydatidosis in Cyprus. Rev Sci Tech Int Off Epizoot. 2000 
Dec;19(3):784–92.  
  40 
56.  Polydorou K. Stray-Dog Control in Cyprus: Primitive and Humane Methods. Int J 
Study Anim Probl [Internet]. 1983 Jan 1; Available from: 
http://animalstudiesrepository.org/acwp_hmap/5 
 
57.  Economides P, Christofi G, Gemmell MA. Control of Echinococcus granulosus in 
Cyprus and comparison with other island models. Vet Parasitol. 1998 Oct 
1;79(2):151–63.  
 
58.  Polydorou, K. International Symposia on Veterinary Epidemiology and Economics. 
Echinococcosis/Hydatidosis Eradication Campaign in Cyprus [Internet]. 1994. 
Available from: http://www.sciquest.org.nz/node/61835 
 
59.  PKIDs’ Infectious Disease Workshop (IDW). Infection Protection: Infectious Disease 
Workshop [Internet]. 2016 [cited 2016 Dec 15]. Available from: 
http://www.pkids.org/infection_protection/infectious_disease_workshop.html 
 
60.  Public Health England. Health Protection Report [Internet]. 2016. Available from: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/fil
e/501238/hpr0616.pdf 
 
61.  Irabedra P, Ferreira C, Sayes J, Elola S, Rodríguez M, Morel N, Segura S, Dos Santos 
E, Guisantes JA. Control programme for cystic echinococcosis in Uruguay. Mem 
Inst Oswaldo Cruz. 2016 Jun;111(6):372–7.  
 
62.  Schurer JM, Rafferty E, Farag M, Zeng W, Jenkins EJ. Echinococcosis: An Economic 
Evaluation of a Veterinary Public Health Intervention in Rural Canada. PLoS Negl 
Trop Dis [Internet]. 2015 Jul 2 [cited 2016 Dec 15];9(7). Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4489623/ 
 
63.  Jackman J, Rowan A. Free-Roaming Dogs in Developing Countries: The Benefits of 
Capture, Neuter, and Return Programs. State Anim 2007 [Internet]. 2007 Jan 1; 
Available from: http://animalstudiesrepository.org/sota_2007/10 
 
64.  Reese J. Dogs and Dog Control in Developing Countries. State Anim 2005 
[Internet]. 2005 Jan 1; Available from: 
http://animalstudiesrepository.org/sota_2005/6 
 
  41 
65.  Help in Suffering-Jaipur. The Animal Birth Control Programme [Internet]. 2003. 
Available from: 
http://www.hsi.org/assets/pdfs/eng_abc_animal_birth_control.pdf 
 
66.  Hybu Cig Cymru - Meat Promotion Wales (HCC). Assessment of Capacity in the 
Welsh Red Meat Slaughtering Industry [Internet]. 2016. Available from: 
http://hccmpw.org.uk/about_hcc/corporate_publications/capacity_in_the_wel
sh_red_meat_slaughtering_industry/ 
 
67.  Food Standards Agency (FSA). Home slaughter of livestock: A guide to the law in 
England and Wales [Internet]. 2013. Available from: 
https://www.food.gov.uk/sites/default/files/home-killguide.pdf 
 
68.  Public Health England. Department for Environment Food & Rural Affairs. 
Zoonoses Report UK 2012 [Internet]. 2013. Available from: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/fil
e/236983/pb13987-zoonoses-report-2012.pdf 
 
69.  Torgerson PR, Dowling PM. Estimating the economic effects of cystic 
echinococcosis. Part 2: an endemic region in the United Kingdom, a wealthy, 
industrialized economy. Ann Trop Med Parasitol. 2001 Mar;95(2):177–85.  
 
70.  Agriculture and Horticulture Development Board (AHDB), Sheep Health and 
Welfare Group (SHAWG). Sheep Health and Welfare Report for Great Britain 
[Internet]. 2016. Available from: http://beefandlamb.ahdb.org.uk/wp/wp-
content/uploads/2016/10/SHAWG-report-2016-17-181016.pdf 
 
71.  Siracusano A, Delunardo F, Teggi A, Ortona E. Cystic echinococcosis: aspects of 
immune response, immunopathogenesis and immune evasion from the human 
host. Endocr Metab Immune Disord Drug Targets. 2012 Mar;12(1):16–23.  
 
 
 
